Introduction
Over the past century, remarkable achievements in medicine and public health have made it possible for people to live longer with more productive life spans. For this reason, physicians can expect to spend a significantly larger portion of their practice dealing with disease management and operative procedures in older adults [1] . Yet, despite advances in anesthesia, analgesia, and drug delivery systems, the debate continues as to whether neural blockade and regional anesthesia/analgesia is more efficacious and safer in elderly patients, particularly those with co-morbidities and cognitive deficits. This article will touch upon the physiological and pharmacological implications of aging on surgical anesthesia and pain management and focus on the potential benefits of regional anesthesia/analgesia in geriatric and cognitively impaired patients. Nevertheless, it is the lack of consistency within regional anesthesia/analgesia studies that has prevented firm recommendations, indications, and guidelines, about which techniques offer the greatest advantage for elderly and cognitively impaired patients undergoing particular surgical procedures, but an opportunity exists to recommend a tailored perioperative pain management plan focused on minimizing risk.
Physiologic function during aging
Optimal anesthetic management of elderly patients depends on knowledge and understanding of normal age-related changes in anatomy, physiology, and response to pharmacological agents. It is also important to distinguish between normal physiological alterations of the nervous, cardiovascular, and hepato-renal systems and disease-related pathophysiological changes. A general approach to optimize perioperative pain management in geriatric patients is to consider postoperative complications commonly associated with routine surgical procedures and to assess any potential benefits associated with regional anesthesia/analgesia. Neurologic, pulmonary, and cardiovascular complications are among the most common observed in the elderly persons and occur most frequently in orthopedic and general surgical settings. There are both established and theoretical indications supporting the concept that regional anesthesia/analgesia provides a more effective and safer analgesic option for elderly and cognitively impaired patients, and these are listed in Table 1  [2 -11] .
The geriatric population is a heterogeneous group and often responds differently to anesthetic medications and techniques compared with younger patients [12] [13] [14] . Cardiovascular [15] and pulmonary [16] systems have reduced function and diminished reserve, which can reduce appropriate responses to perioperative stress. Hepatic [17] and renal [18] function changes lead to altered clearances of medications that may lead to increased drug sensitivity. Increased body fat and decreased muscle mass and body water can account for observed pharmacokinetic changes [19] .
Preoperative memory complaints may signal signs of early dementia. These patients as well as those with low educational levels and history of cerebral vascular accident are predisposed to postoperative cognitive dysfunction (POCD) [20 ] . Elderly patients are vulnerable to delirium and cognitive decline during the perioperative period, which has been associated with increased morbidity and mortality [21 ] . These risk factors, including advanced age, must be considered to minimize possible contributions from excessive drug exposure, opioid medications, and general anesthesia.
Outcomes from regional anesthesia
There remains a paucity of current literature on regional anesthesia/analgesia in the elderly and cognitively impaired patients [2]. Nonetheless, a wide variety of patient-related measurements show confirmable improvement when regional anesthesia/analgesia is used. The regional anesthesia/analgesia versus general anesthesia debate is an age-old debate that has brought about few Pain management in the elderly Halaszynski 595 May reduce stress on the myocardium and reduce incidence of myocardial infarction Provide more stable perioperative hemodynamics Superior analgesia may decrease postoperative cardiac events [6] Attenuate the complexity of the surgical stress response on CV system Respiratory system When used as primary anesthetic technique, RA can avoid endotracheal intubation and mechanical ventilation RA may lead to less respiratory complications (especially if able to avoid GA) [7] Preserved respiratory responses to hypercapnia and hypoxia Reduced incidence of pneumonia Reduced length of intubation time Maintenance of functional residual capacity Preservation of pulmonary gas exchange Gastrointestinal system Reduced risk of PONV (especially if able to avoid volatile anesthetics and when opioid use is reduced or not used perioperatively) [8] Reduced incidence of gastrointestinal dysfunction Endocrine and immune system Better preserve patient immune response [9] Maintain glucose homeostasis and tolerance Reduce catabolic activity and response (improve protein economy) May suppress stress response of surgery and GA Decreased incidence of postoperative infection Hematologic system Lowered incidence of venous thromboembolism Reduced occurrence (lowers risk) of deep vein thrombosis Lowered risk/incidence of pulmonary embolism Reduced intraoperative blood loss Reduced need for perioperative blood transfusion Reduced incidence of graft thrombosis Attenuate postoperative hypercoagulability [10] Other Possibly improved postoperative recovery profile (especially early) Reduced dependence on opioids and opioid-related complications (pulmonary function, GI system, CNS, etc.) Superior perioperative pain relief (RA, anesthesia, and analgesia) May result in shortening or bypassing the PACU [11] May shorten hospital stay (shorter home readiness time), along with reductions in hospital re-admissions Superior pain management/pain relief may lead to reduced costs and reduction of intensity of medical ancillary care Improved economics and cost effectiveness Better satisfaction from the patient and patient family Overall improved surgical outcomes CNS, central nervous system; CV, cardiovascular; GA, general anesthesia; GI, gastrointestinal; PACU, postanesthesia care unit; POCD, postoperative cognitive dysfunction; PONV, postoperative nausea and vomiting; RA, regional anesthesia.
clear answers, as most concur that multiple factors including the patient, the surgery, the method of regional anesthesia/analgesia and general anesthesia, and the quality of perioperative care, all influence surgical outcome. In an age of evidence-based medicine, the current heterogeneous data available need to be reconciled with advances in perioperative care and decipher the complications associated with the surgical process as a whole [22] .
Regional anesthesia/analgesia is associated with superior analgesia, is site-specific, can be long lasting (e.g., catheter placement) and effective. Surgical patient treatment with an emphasis on outpatient surgery, improved patient satisfaction and quality of care, healthcare cost containment, and shorter hospital stays with improved patient outcomes are all benefits of improved perioperative pain management. A focus on these goals provides good reason for cause and reevaluation of anesthetic options, including regional anesthesia/analgesia, during the perioperative period.
Influences of numerous details including postoperative length of hospital stay, unplanned hospital admissions and hospital readmissions, and health-related quality of life need to be evaluated in addition to the more commonly investigated parameters of major morbidity and mortality. These issues maintain a correlation with the incidence of surgical and anesthetic complications and may be positively influenced by regional anesthesia/ analgesia through reduction or elimination of postoperative pain, postoperative nausea and vomiting (PONV), drowsiness, and cognitive dysfunction.
Regional anesthesia/analgesia may facilitate a 'fast-tracking' process and expedite a patient's hospital course. Patients may have reduced recovery room stays or completely bypass the phase 1 recovery unit. In addition, timeto-home readiness and hospital discharge would permit patients to resume their preoperative functional level more quickly along with reduced exposures to the risky institutional environment. These details add up to permit the elderly and cognitively impaired patients reduced disruptions and fastidious return to preoperative status, which theoretically can reduce degrees of morbidity.
Postoperative pain
Postoperative pain continues to be one of the most commonly reported complications of surgery. A largescale retrospective study by McGrath et al. [23] has demonstrated that general, neurological, and orthopedic surgeries had significantly higher pain levels postoperatively. The ability to provide pain management after surgery has become a limiting factor in determining types of procedures that can be performed in the ambulatory center, and severe postoperative pain is associated with a higher rate of unanticipated hospital admission, prolonged length of hospital stay, potential for developing chronic pain conditions, and exacerbation of chronic pain states [24 ] .
Pain management is essential and regional anesthesia/ analgesia provides excellent and prolonged postoperative analgesia that provides quicker and more comfortable patient mobility, decreases opioid requirements, facilitates participation in physical therapy, and expedites return-to-normal activities [25, 26 ] . These characteristics may result in faster recovery and improved perioperative outcomes with increased patient and patient family satisfaction. A combination of regimens with regional anesthesia/analgesia as the foundation of a multimodal approach can facilitate goals of optimal analgesia, faster recovery, enhanced functional outcome, and improved quality of life [27, 28 ].
Postoperative cognitive dysfunction
POCD is a complication after both cardiac and noncardiac surgery in the elderly patients, yet the mechanisms are poorly understood [29 ] . There remains an underlying assumption that a decrease in the stress response, opioid consumption [30 ] , and postoperative pain provided by regional anesthesia/analgesia would lead to a reduction in the incidence of POCD. Effects of neuraxial blockade on cognitive function have been studied and analyzed evaluating neuraxial anesthesia versus general anesthesia on POCD [31] , but there are no randomized, blinded studies comparing effects of peripheral nerve blocks versus general anesthesia on POCD.
The high incidence of POCD in elderly patients raises concern due to the significant negative impact and influence on quality of life [32] , and regional anesthesia/analgesia may be beneficial in this patient population. Significant sleep impairment and postoperative sleep disturbances can present in patients with higher levels of pain and can result in a more prolonged and difficult recovery [33] , which may be reduced in the setting of regional anesthesia/analgesia. Pain may not be the only cause of sleep disturbances as other factors may contribute, such as inhalation agents, opioids, increased age, surgical stress, and environmental factors, of which many could be minimized by using regional anesthesia/analgesia. Independent of the cause(s), sleep impairment may result in decreased health-related life quality and postoperative functional levels, increased postoperative fatigue, and POCD. Regional anesthesia/analgesia may improve the quality of postoperative sleep by reducing surgical stress and opioid requirement along with superior analgesia.
The ability to resume normal daily activities equivalent to preoperative levels remains a relevant postoperative outcome and one devoid of POCD, impaired functional status, and morbidity [34 ] . Numerous symptoms and complications after surgery may potentially impede resumption of normal daily activities and negatively influence functional capacity, leading to a longer time to recommence return to preoperative functional status [35] . Regional anesthesia/analgesia and optimal analgesia permit patients to achieve early mobilization along with earlier full participation and more benefit from physical therapy yielding better range of motion and less joint stiffness resulting in better functional results. Regional anesthesia/analgesia techniques provide pain relief, thus sparing the sedative effects of opioids facilitating faster convalescence, early mobilization, and return to preoperative functional levels [36 ] .
Benefits from regional anesthesia/analgesia compared with the negative influences associated with general anesthesia have demonstrated that regional anesthesia/ analgesia provides superior pain relief and early return to preoperative functional levels [37, 38 ] . In addition, postoperative fatigue is distressing and unpleasant, often decreasing the ability to return to preoperative functional levels, inability to perform activities of daily living, impact on quality of life, and creation of added stress for patients. Postoperative fatigue can affect all patients, may become prolonged postoperatively, or remain a persistent problem. Possible causes of fatigue include surgical stress, opioid use, general anesthesia, inflammatory and negative endocrine responses, de-conditioning of cardiac and pulmonary systems, nutritional deficiency and immobilization to identify some, many of which could be positively influenced by regional anesthesia/ analgesia [39, 40, 41 ] . Regional anesthesia/analgesia may alter the influence and course of postoperative fatigue by providing superior analgesia, enhanced postoperative sleep, early and more active mobilization with the aim of returning to preoperative functional levels [40] .
Pulmonary morbidity
Postoperative pulmonary dysfunction can be significant after upper abdominal and thoracic surgery. Regional anesthesia/analgesia can significantly decrease the incidence of pulmonary morbidity and provide effective analgesia that would facilitate proper pulmonary function and improve respiratory therapy [42 ] . Pain and opioid therapy can impair normal pulmonary function and regional anesthesia/analgesia techniques may prevent atelectasis, hypoxia, and pulmonary infection by permitting deep breathing, full chest expansion, and coughing [43 ] .
Cardiovascular morbidity
Postoperative cardiac complications remain a concern for patients undergoing surgery and the risk factors always need to be considered. Studies suggest that postoperative pain management using regional anesthesia/analgesia techniques compared with systemic opioids may decrease the incidence of cardiac events through superior postoperative analgesia [6, 22, 31, 44] . In addition, regional anesthesia/analgesia can attenuate hypercoagulability, reduce perioperative blood loss, and minimize or eliminate surgical stress leading to improved cardiac outcomes.
Controversial results from studies suggest debatable conclusions regarding anesthetic types and direct cardiac influences for surgery in elderly patients [45] . A host of conflicting results and study design flaws may help to explain, but intuitively, the pooled known advantages of regional anesthesia/analgesia must be considered in the multimodal approach to pain management and elderly patient care. There are a variety of morphological and functional changes in the cardiovascular system with aging that have important clinical implications for the treatment of elderly surgical patients toward considerations of postoperative pain management with regional anesthesia/analgesia.
Surgical stress responses can precipitate a hypercoagulable state and lead to deep vein thrombosis formation and pulmonary embolism after vascular and orthopedic surgeries. These events are causes of cardiovascular disability and death, but regional anesthesia/analgesia can prevent hypercoagulability and decrease vascular thrombosis [46] .
Conclusion
Regional anesthesia/analgesia provides highly effective, intense, and site-specific anesthesia/analgesia, often without or with fewer side effects than most other analgesic techniques, including parenteral opioids. Additionally, the return to important preoperative functional status such as eating and drinking, ambulating, and resuming proper sleep may be enhanced. As a result, concentration difficulties, sedation, PONV, negative cognitive influence, disruption of routine daily living activities, and postoperative immune dysfunction may be minimized when regional anesthesia/analgesia is used in appropriate surgical settings. These advantages may further facilitate prompt discharge and earlier recovery resulting in savings in medical care cost along with high patient and patient family satisfaction.
There is extensive literature on the use of both neuraxial and peripheral nerve blocks for perioperative pain management. The discussions on the studies and reviews speak on the many advantages of the individual blocks, but lack focus related specifically to the elderly and cognitively impaired patient. The beneficial analgesic effects of regional anesthesia continue to expand and are well demonstrated, although additional research
